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ULTRA-HIGH.DENSITY PLASMA EXPERIMENTS: MHD SIMULATIONS

J. H. Brownell, 1. R, Linderuth, T. A. QOliphant, D. L. Weiss
Thermonuclear Applications Group
Applied Theoretical Physics Division
L8 Alamos National Laboratory
Los Alamas, NM 85843 U.S.A.

ABSTRACT
High density, laser-initiated, ges-cmbedded Z-pinch
experiments which are being per{ormed at Los Alanos are being
treated computationally using a two-dimensional
msgnetohydrodynamic computer code, All aspects of the

experiment are modeled including the laser—-optics system, the
Marx-bank/transmission line, electron avalanching, and the
experimente]l diagnostics, Experimental observations have
becen reproduced very well, The plasma produced in the
experiments has n,>102%/cm?, T®200eV, and n,7>2xi0'% s/cn?.

Adveances in pulsed power technology heave made it possible to
bvild a new type of plesma device, a laser-initiated, gas—embedded
Z-pinch i{n which the plasma ls primarily ohmically heeted!. A device
characterized by an energy of 70kJ and a peak charge voitage of 600kV
has produced a plasma with n >2x10%%/cin®, T=200eV and n,7>2x10°3
s/cm®; two-dimensional magnetohydrodynamic{MHD) computer calculatisns
heve reproduced the experimental observatiorns to a very satisfactory
degree®. In this paper we descri.te our computatlional model, computed
results, and predicticns.

Our compulations model al! aspects of the exper.ment. A voltage
is applied across the elecircde gep, an initiating laser .s discharged
along the axls, and current !{lows between the electrodes Lo create a
hot, dense plasme column. [n the computctions & leser-optics pacxage
computes ‘he tewmporal and spatiel e¢volution of the laser profile 1n
the dischar¢e chamber. A Marxz-bank/iransmission-line package compules
the temporal evolution of the wself-consistent vol!te,e across Lhe
dischergn chamber, An electron avaianche mndel uses a non-linear
Obm“s lew to compute the spatielly and tempora;ly dependent elec:iric
field und the resulting non=uniform Incresse in eleciron density.
When current flowe, two~dimensiona) MHD calculations delermine tha
spstial and temporal evolution of the plasms density, plasma

temperature, plasm. velocity, end magnetic field precfiles. The MHD



mode]l includes thermal conduction, resistive diffusi-n, radiation,
dissoc ation, and ionization in addition to the Lorentz JxB force in a
fluid description of the plasma. The charged-particle transport
coefficients are "classical” and the atomic processes are based on
local thermodynamic equilibrium(LTE). An extencive post-processor
computes spertra from infra-red to x-ray frequencies, ' temperatures
based on x-ray absorption by two Jdifferernt thicknesses of aluminux
foil, and Schlieren shadowgrams, all of which can be compared directly
to experimental date.

The plasma 1s formed in a chamber containing 3atm of H, between
electrodes spaced 10cm spart. A current channel is formed from the
pulse of & 8 J neodymium-gless laser which is focussed along the
symmeiry uxis and which is fired near the peek of the voltage Across
the electrodes(~400kV). The current rises to 250kA in 200ns.

According to our computations the laser initiat:on s very
non~uniform and hence the initiatinn  process is a complex
two=dimensioneal one involving virtual electrode formation and streamer
propagation. However, our two-dimensional .alculations indicate that
the plesme coiumn is remarkably one-dimensional for greate: tnan 75ns.
Typical radia! profiles are shown in Fig. 1: the mass density profiie
shows & shock wave prcpagesting into the neutra. eambedding gas. Laler
in time an om0 instability occurs in the computations when the central
column expunsion {s stopped by the magnetic force. Even after the
occurrence o the mm0) Iinstability the computations reproduce the
exper imentally observed Schliveren shadowgrams(Fig. 2), "two=~{o0: |
x-ray"” tumperatures(Fig. 3), and visible light measurements where the
computed non-uniform source reate and correspoendi.ng plasme resbsorption
are taken into account(Fig. 4). The computled shedowgrem diameter of
Fig. 2 corresponde to the front of the outward moving shock wave ahown
in Plg. 1; the actusl current carrying channel 1a significantly
smaller in diameter than Lthe shadowgram and has a diameter of lers
than {.6mm at 200ns. After an initiel repid rise the temperature

resches & platesu (Fig. 3) even though the curr~nt continues to rise.



According to the computations this is due to mass accretion into the
column from the embedding gas, a two-dimensional effect caused by
enhanced coupling of energy from the hot core to the outside as a
result of the m=0 instability and by continued electron avalenching in
the embedding gas.

Our MHD code has been used to scope out other possible modes of
operation. These modes include operating at higher voltages, reducing
and increasing the fill pressure, and using narrower, xore intense
iassr beams. Our computaticns predict theat higher fill pressures or
narrower laser beams can lead to significantly higher temperatures
although the mm0 instability may limit parformance.

Qur computations have been useful in he 11nterpretaticn of
experimental dates and in the prediction of new experiments and the
computed results appear to verify our initietion and MD models.
Questions remain to be answered on the nature cf the instabilities and
their effect on limiting the ultimate plasma teapermiure.
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Fig. 2. Commuted and Measured Schllieren Shadowgram Diameter.

Fig. 3. Computed and Measured "Two-Foil x-ray" Temperature.

Fig. 4. Computed and Measured Visible Emission at 4000 angstroms.



